We analyze the distribution of economic activity across space for different types of activity and different levels of aggregation. Not only is this distribution highly uneven (independently of the type of activity and level of aggregation), it is also remarkably regular regarding its size distribution (rank-size rule or Zipf's Law) and regarding its interaction (gravity equation).
Introduction
We were asked by Steven Brakman and Harry Garretsen for a contribution to this volume with the primary objective "to show that economic activity is not uniformly distributed across space." Although the editors also asked us several other research questions which we will address in the sequel, the reader's first reaction to the primary objective may be: "but of course economic activity is not homogenously distributed across space, everyone knows that!" An Australian 'walkabout' in the bush will give an entirely different picture of 'economic activity' than an attempt to cross the center of Manila during rush hour. Evidently, the distribution of economic activity is uneven. Nonetheless, the reader's potential first reaction regarding the obviously uneven distribution of economic activity is unjustified for at least three reasons.
First, we have to be precise in what we mean with economic activity. Obviously, these are activities involving people, so a first indication of the distribution of economic activity can be given by looking at the distribution of people across the globe. As a result of differences in education, available capital, quality of infrastructure and communication, however, there are enormous differences in productivity between people, leading to huge differences in value added per capita, to be taken into consideration in analyzing the distribution of economic activity. In turn, this correction for productivity differences should not be pushed too far as it is positively correlated with the local price level, for which we then should also correct. This brings us to purchasing power corrected value added as probably the most suitable empirical measure of economic activity.
Second, we have to take the level of aggregation into consideration, both in terms of geography and economic activity. The geographic level of aggregation may focus on global regions as defined by the World Bank (see below), on countries, on regions within countries, on cities, and even on areas within cities. The economic level of aggregation focuses on a specific type of economic activity. This might be all produced goods and services 4 , a specific category (such as agriculture or services), or an analysis of just one or only a few types of goods (such as the flower or the movie industry).
Third, we can analyze if there are regularities in the (un)even distribution of economic activity or in the interaction between centers of economic activity. We then go beyond the affirmation that economic activity is not evenly distributed across space, to try to find a pattern in this distribution. If there is such a pattern, we would of course like an explanation for it. This Area in million km 2 ; population in millions; GNP = Gross National Product in $ billion; ppp = purchasing power parity; GNP ppp in $ billion; population density in people per km 2 ; GNP and GNP ppp density in $ 1000 per km 2 ; data are for 2000
According to the United Nations there are more than six billion people on our planet since 12
October 1999, a doubling in about 40 years. 7 Almost a third of these six billion live in SouthEast Asia (EAP; 1,85 billion), more than six times as many as the 295 million people in the Middle East and North Africa (MNA). The other global regions are within these two extremes.
Obviously, these absolute numbers give no indication regarding the distribution of the population as the global regions also differ in size, ranging from 30.9 million km 2 for the high income countries (HIC) to 4.8 million km 2 for South Asia (SAS). The earth's total area is about 130 million km 2 , indicating that there are on average about 47 people per km 2 . As there is a negative correlation at this level of aggregation between size and population, the population density (people per km 2 ) is more unevenly distributed than the absolute population levels. The highest density (283) is reached in South Asia (SAS), more than 14 times higher than the lowest density (20) of (East) Europe and Central Asia (ECA).
6 Sometimes a sub-grouping of high income countries is warranted, see section 6. 7 See http://www.popexpo.net/english.html, also for other population information. In this section we concentrate on a comparison of gross national product (GNP) as it provides the best indication of all kinds of economic activity in an area. 8 GNP is equal to the market value of all goods produced by factors of production owned by inhabitants of an area. This implies we are literally comparing apples and oranges, measured in a common domestic currency. For an international comparison, we can then for example use the average exchange rate on the currency markets in this period. Measured accordingly, the total world production of goods in 2000 was valued at $31,351 billion, a truly astronomical figure. Obviously, this value is highest for the high income countries (HIC), with a total of $24,945 billion, more than 82 times the production value of $303 billion in Sub-Sahara Africa (SSA). Usually, our attention focuses on differences in income per capita, and it is clear that these differences are substantial.
To determine the distribution of economic activity, however, the interaction between population density and productivity differences is important, so it is best to focus on production density per area unit (in this case GNP $1000 per km 2 ). This turns out to be highest for the high income countries (HIC; $807 thousand per km 2 ), being more than 62 times higher than for Sub-Sahara Africa (SSA; $13 thousand per km 2 ).
Based on the above information, it appears that the distribution of economic activity is more uneven than the distribution of population. Although true in general, we should note that the method of comparison (using the average exchange rate in a given period) leads to an overestimation of the value of production in high income countries relative to low income countries. The distinction between tradable and non-tradable goods is important in this respect.
8 At this level of aggregation there is virtually no difference between GNP and GDP.
Since tradable goods can in principle be shipped to other regions (perhaps at considerable costs), the suppliers of tradable goods more or less compete with each other on a global market based on the exchange rate, which is partly determined by these activities. Non-tradable goods, on the other hand, are produced and consumed locally and do not compete on a global market.
Since (i) different sectors in an economy compete for the same worker, such that (ii) the wage rate in an economy reflects average productivity, and (iii) the productivity differences between countries are larger for tradable goods than for non-tradable goods, using the exchange rate as a basis for comparison for non-tradable goods leads to an underestimate of the value of production in low income countries. Using the exchange rate as a basis for comparison, it may cost for example $15 to get a simple haircut in Chicago and less than $1 to get the same haircut in Tanzania. Similarly, if you go to the latest James Bond movie in Rotterdam it will cost $8, while viewing the same movie in the Philippines will cost $1.50.
To correct for these price difference for non-tradable goods, the United Nations International
Comparison Project (ICP) gathers information on the prices of goods in virtually all countries of the world. It uses the information to calculate purchasing power parity (ppp) corrected exchange rates. Table 1 also pr ovides an overview of GNP ppp for the various global regions using the ppp exchange rates. This gives a better picture of the real economic activity in an area. The total value of world production is then $44,459 billion, ranging from $24,793 billion for the high income countries (HIC) to $1,044 billion for Sub-Sahara Africa. Using this to calculate production density in $ thousand per km 2 , the high income countries are still in the lead, with a value of $802 thousand, more than 18 times higher than the $44 thousand in Sub-Sahara Africa.
The differences in production density therefore become considerably smaller after correcting for purchasing power, but do not disappear. The distribution of economic activity is still very uneven across the globe.
Conclusion:
There are large differences in the distribution of economic activity between the global regions analyzed in this section. The relative density differences (highest density / lowest density) are large regarding population density (more than 14), GNP density (more than 62), and GNP density corrected for purchasing power differences (more than 18).
Concentration at the country level
After illustrating the uneven distribution of economic activity at the level of global regions in section 2, we focus on differences at the country level in this section. We start with all countries in the world, and zoom in on the countries of Sub-Sahara Africa, one of the global regions analyzed in section 2, towards the end of this section. ; 195 countries (2000) Histogram Table 2 gives an overview of the 15 countries with the highest population density.
Figure 1 Variation in population density
These are all small geographic areas, with the exception of Bangladesh (number 4), South Korea (number 10), and the Netherlands (number 11). It is therefore no surprise that only a minority of the number of countries (about 40 percent) has a population density below the world average.
As illustrated in Figure 2 , the countries with a high population density are geographically concentrated in South-East Asia and Europe, with a few exceptions in Africa and Mid America.
Figure 2 Geographic distribution of population density; 195 countries (2000)
Bevolkingsdichtheid (inw/km2) As explained in section 2, to get an adequate picture of the distribution of economic activity it is better to correct for differences in productivity and purchasing power between countries. The
World Bank provides the relevant data for 160 countries in the world, wit h an average ppp corrected value of production of $342 thousand per km 2 in 2000. South Korea (number 7), the United Kingdom (number 9), Germany (number 11), and Italy (number 13). Consequently, about 57 percent of all countries has a production density below the world average. Seven countries are both in the top 15 in terms of population density and in terms of production density. As suggested by this fact and by Singapore's solid first place on both lists, there is a positive association between population density and production density at the country level: the correlation coefficient is 0.73. There is also a geographic clustering of production density around the core of rich countries: Europe, Japan, and the United Stated, see If we break down the global regions of section 2 into the countries composing those regions, as we did above, it is not remarkable that the uneven-ness of the distribution increases. As we saw, however, the extent of this increase is remarkable. We can also disaggregate geographically in a different way. After noting that economic activity is unevenly distributed at the level of global regions, we can 'zoom in' on one of those regions and analyze the distribution of economic activity within that region. As an example, we take Sub-Sahara Africa, a relatively coherent geographical region consisting of a fairly large (48) number of individual countries. Table 3 gives an overview of the countries in Sub-Sahara Africa with the highest and lowest population and production densities, and the averages of these variables for the region as a whole. The average population density in Sub-Sahara Africa is 28 people per km 2 , varying from 584
for Mauritius (more than 20 times the average) to 2.1 for Namibia (less than 10 percent of the average). The production density varies in a similar fashion: the average is $44 thousand per km 2 in 2000, ranging from $5,809 thousand in Mauritius (more than 130 times the average) to $4.2 thousand in Mauritania (less than 10 percent of the average). For both density measures the variation within the Sub-Sahara Africa global region is enormous. Again, there is a clear positive association between population density and production density: for the 42 countries for which data are available the correlation coefficient is 0.79.
Conclusion:
At a lower level of geographic aggregation, in this case at the country level, the uneven distribution of economic activity becomes more pronounced, both for population and production (measured as value added, after correcting for purchasing power).
Deeper still: regional periphery and urban concentration
In this section we will first apply the procedure used at the end of section 3 (where we looked at the countries comprising Sub-Sahara Africa) again at the country level (in this case by looking at the different regions of the Netherlands). Second, we will illustrate the core -periphery economic structure of Europe at the regional level using a periphery index. Third, we will illustrate the dynamic tendency of increasing economic concentration at the city level for the world as a whole.
The regional classification used within the European Union is based on three levels of detail, known as the Nomenclature of Territorial Units for Statistics (NUTS) and therefore referred to as NUTS I, NUTS II, and NUTS III. At the NUTS I level , the Netherlands is subdivided into 4 regions (North, East, West, and South). At the NUTS II level, these are subdivided in 12 subregions (the 12 Dutch provinces). At the NUTS III le vel, finally, these are subdivided again into 40 sub-sub-regions, see percent of the average). As suggested by the stable first and last place of the same region on both lists, the positive association between population density and production density is high:
the correlation coefficient is equal to 0.981. (1996) . Density calculations based on Eurostat data; periphery indices: Copus (1999) .
The above descriptive analysis has sufficiently demonstrated that economic activity, measured in various ways at different levels of aggregation, is unevenly distributed across space and that the various measures of density and production are strongly correlated. Regional economists have long ago already felt a need to measure this uneven-ness, and subsequently to identify and analyze core -periphery structures. Harris's (1954) 'market potential' approach is at the basis of this procedure, namely by calculating an indicator of market potential at the county level, taking into consideration the size of economic markets in the vicinity of this county, corrected for distance to this market. The demand by policy makers to identify core -periphery structures and analyze the economic consequences of such structures led Keeble, Owens, and Thompson (1981) to apply Harris's approach to construct a peripherality index for the regions of the European Union at the NUTS I level. Over the years, the methods used for calculating such a peripherality index have become more sophisticated, ultimately leading to Andrew Copus's (1999) 
European countries). For each region Copus defines a 'center' (usually the largest city, but sometimes the geometric center) and calculates detailed travel times to other centers, taking into consideration the type of road, ferries, waiting times for ferries and crossing a border, driving speeds in mountains and urban areas, rest times for drivers, etc. 9 Copus uses this as the basis for calculating the potential for each region as follows:
(1) An adequate economic theoretical explanation for the structure of equation (1) is not simple. It is the basis for a substantial body of economic research, culminating in the 'new economic geography' or 'geographical economics' approach (Fujita, Krugman, and Venables, 1999, and . For the distances between regions Copus uses the travel times, as described above. For the economic mass of a region he uses four indicators: § GDP Gross Domestic Product in euro's § GDP pps Gross Domestic Product, corrected for purchasing power § pop Population size § labor force Size of the labor force Finally, on the basis of this outcome, he calculates a periphery index ranging from 0 for the most central region (with the highest potential) to 100 for the peripheral region (with the lowest potential). Which measure is used exactly as an indicator of 'economic mass' for constructing the peripherality index hardly matters, see Table 5 . Table 5 ). In all cases, the most central region is (2000), the majority of the urban population (63.5 percent) lives in small-and medium-sized cities (population smaller than 1 million), whereas 21.4 percent lives in large cities (population between 1 and 5 million), and 'only' 15.1 percent lives in megacities (population above 5 million). The number of mega-cities has, however, rapidly increased in the 20 th century; London (6.5 million inhabitants) was the only mega-city in 1900, whereas there were 16 cities with more than 10 million inhabitants in 2000.
Conclusion:
A 'fractal dimension' in the distribution of economic activity becomes clear now that we have established that at the regional and city level economic activity is also unevenly distributed. This enables the identification of core -periphery patterns at the regional level. The degree of urbanization, which varies from country to country, is still increasing worldwide.
The fractal dimension of regularity in concentration
Now that we have sufficiently illustrated the uneven distrib ution of economic activity, it is time to analyze the empirical structure of that distribution. We will do this in two ways. In this section we focus on the spatial distribution of economic activity, known as the 'rank-size rule'
(with 'Zipf's Law' as a special case). In the next section we focus on the spatial interaction between economic centers, known as the 'gravity equation'. Both empirical regularities have inspired theorists in geography and economics to try to construct models to improve our understanding of these facts. As noted before, we do not discuss these theoretical contributions.
Figure 6 Regularity in the distribution of economic activity: urban agglomerations in the world
The rank-size rule for urban agglomerations in the world (2002) ln ( The regularity in the spatial distribution of economic activit y is most easily demonstrated using the size distribution of urban agglomerations. There are cities in many sizes. Most are small or of reasonable size. A few are truly large, with millions of inhabitants. We should note that 'large' has been a relative measure in history. When Christ was born, Rome was considered to be an extremely large city with, according to the New Zealand classicist Art Pomeroy, at least 500,000 inhabitants (some estimates are up to 1 million). Nowadays, however, there are more than 400 cities with more than 1 million inhabitants (see below). To illustrate the regularity in the spatial distribution of economic activity, we rank the cities in size. The largest city (Tokyo) is given rank 1, the second largest city (New York) is given rank 2, etc. We then calculate the natural logarithm of the rank of each city and the natural logarithm of the size of each city. Figure 6 plots the 408 data points calculated accordingly in a graph. With the exception of the largest cities (a well-known phenomenon in the literature, see Brakman, Garretsen, and , chapter 7), all data points are almost exactly on a straight line. A simple regression explains 98.32 percent of the variance in the data, see Figure 6 . Based on its size, the rank number predicted by the regression for the city of Amsterdam (166), for example, is very close to the actual rank number (170). Similarly for the city of Rotterdam (actual 350, predicted 365).
The negative relationship between rank and size follows, obviously, from our way of organizing the data. The almost perfect log-linear relationship between rank and size, indicating regularity and predictability in the spreading of economic activity, is highly remarkable. It was first discovered by George Kingsley Zipf (1949) . In general, this is referred to as the rank-size rule.
If the slope of the estimated regression is equal to one, it is referred to as 'Zipf's Law'.
Figure 7 Regularity in the distribution of economic activity: urban agglomerations in Europe
The rank-size rule for urban agglomerations in Europe (2002) ln ( We will illustrate the fractal dimension in the regularity of the distribution of economic activity in a similar way as we did for the uneven-ness of this distribution. First, by showing that the same regularity holds if we limit ourselves to a global region, in this case Europe. Second, by repeating this exercise for one of the countries in Europe, in this case Germany. Moscow (13.2 million inhabitants) is the largest agglomeration in Europe, followed by London (11.85 million), Istanbul (10.65 million), and Paris (9.8 million). Within Europe, Amsterdam is placed 25 th and
Rotterdam 61 st . Similar calculations as performed before at the global level, again lead to the rank-size rule, see Figure 7 (note that the 'problem' with the largest cities is less pronounced than in Figure 6 ). A simple regression explains 98.76 percent of the variance in the data, which are again on an almost perfect log-linear line. The economic powers at work at the global level to create order in the distribution chaos, are apparently also operative at the European level.
Within Germany, Essen (5.93 million inhabitants) was the largest agglomeration in 1996, followed by Berlin (4.06 million), Stuttgart (2.52 million), Hamburg (2.46 million), and Frankfurt (1.87 million). Similar rankings and calculations as before lead to Figure 8 , which again shows that the relationship between rank and size creates an almost perfect log-linear line.
A simple regression explains 97.62 percent of the variance in the data. At the country level too, therefore, similar regulatory powers in the distribution of economic activity play a role.
Brakman, Garretsen, and Van Marrewijk (2001, chapter 7) and Soo (2002) provide a detailed overview of the rank-size rule for all countries in the world for which data are available. In general, this rule holds no matter the size of a country, its political system, its cultural, social, or ethnical background, etc. Indeed, the rank-size rule on the empirical distribution of economic activity holds almost perfectly for such diverse countries as, for example, the United States, Brazil, France, India, Russia, and China.
Figure 8 Regularity in the distribution of economic activity: urban agglomerations in Germany
The rank-size rule for urban agglomerations in Germany (1996) ln ( 
Conclusion:
There is a 'fractal dimension' in the regularity of the spatial distribution of economic activity, known as the rank-size rule (with Zipf's Law as a special case). This empirical regularity holds globally, at the continent level, and at the country level.
Regularity in interaction
As explained in section 5, the spatial distribution of economic activity displays a remarkable regularity. In this section we will show that this also holds for the interaction between economic centers in the form of international trade flows. Before investigating the interaction at the country level, we first give an overview of this interaction at the global region level (see also section 2). In this respect it is useful to sub-divide the group of high income countries (HIC) into three sub-groups: Western Europe, North America, and AustralAsia. In combination with the six developing regions, this creates nine global regions. Our overview is based on a combination of the CID-UC-Davis/Feenstra (2000) data set, consisting of annual observations on bilateral trade flows for 4-digit sectors, 183 countries, and 28 years, with a total of slightly less than 18.4 million positive observations. 12 First, we aggregated all data to the country level.
Second, we calculated the intra-regional trade flows (that is, trade flows between countries in the same global region) and the inter-regional trade flows (that is, trade flows between countries in two different global regions). • 51 of the 81 inter-and intra-regional trade flows are smaller than 0.5 per cent; these are not shown in the picture.
• intra-regional trade flows are indicated by a circle in that region. • 51 of the 81 inter-and intra-regional trade flows are smaller than 0.5 per cent; these are not shown in the picture.
• intra-regional trade flows are indicated by a circle in that region. As an illustration of the regularity of the interaction between countries, Table 6 reports estimation results of a basic gravity equation for 96 countries in the world with at least 50 observations in 1996. The income data are from the World Development Indicators CD-ROM (2002; GNI, current dollars). The distances were determined using longitude and latitude data from the Britannica Atlas of the most important economic center in a country (usually the capital city) by calculating the distance to other economic centers using the assumption that the earth is a perfect sphere. 13 The estimated equation is:
(2) ln(export) = constant + coefficient 1 ×ln(GDP) + coefficient 2 ×ln(distance)
Except for Barbados and Jamaica, the estimated income coefficient has the right sign and is highly significant. 14 The estimated significant coefficients are fairly close together, ranging from 0.194 for Algeria to 0.957 for South Africa, with an average of 0.545, a median of 0.544, and a variance of only 0.027. For all countries except Taiwan, the distance variable has the correct sign. The estimated coefficient is usually statistically (highly) significant, ranging from -2.886
for South Africa to -0.078 for Hong Kong. De average distance estimate is -1.354, the median is -1.399, and the variance is 0.486.
Conclusion:
There is a remarkable regularity in the interaction between economic centers. As it is proportional to the (economic) mass of a country and inversely related to the distance between countries, this is known as the 'gravity equation'.
13 For the USA the shortest distance to either New York or Los Angeles was taken. 14 The calculated t-values are consistent under heteroscedasticity (White, 1980) .
Summary and conclusions
There is an enormous array of possibilities to analyze regarding economic concentration in terms of what (population, value added, specific sectors), where (global regions, countries, regions, districts, cities), and how (structure in spreading and interaction). At the global regional level as identified by the World Bank, economic activity is unevenly distributed. The relative density differences (highest density / lowest density) are large regarding population density (more than 14 times), GNP density (more than 62 times), and GNP density corrected for purchasing power differences (more than 18 times). At a lower level of geographic aggregation (the country level) the uneven distribution of economic activity becomes more pronounced, both for population and production (measured as value added, after correcting for purchasing power).
A 'fractal dimension' in the distribution of economic activity becomes evident after establishing that at the regional and city level economic activity is also unevenly distributed. This enables the identification of core -periphery patterns at the regional level.
There are remarkable regularities in the distribution of economic activity, both with respect to the spatial distribution itself and regarding the interaction between economic centers. The degree of urbanization, which varies from country to country, is still increasing worldwide.
There is a fractal dimension in the regularity of the spatial distribution of economic activity, known as the rank-size rule (with Zipf's Law as a special case), since this empirical regularity holds globally, at the continent level, and at the country level. The regularity in the interaction between economic centers, which is proportional to the (economic) mass of a country and inversely related to the distance between countries, is known as the gravity equation.
In short, we can summarize the distribution of economic activity in five stylized facts: § There is an uneven distribution regardless of the type of economic activity. § There is an uneven distribution regardless of the geographic level of aggregation. § There is an uneven distribution regardless of the economic level of aggregation. § There is a remarkable regula rity in the spatial distribution of economic activity. § There is a remarkable regularity in the interaction between economic centers.
